I. INTRODUCTION
N the electronic component manufacturing industry, most components such as gas sensors are subjected to a full functional test and characterization before they are sold. Depending on the type of components, these functional tests may be performed at different temperatures and humidity [1] . Ambient temperature is one of the main factors of the sensitivity of gas sensor. This is due to the reason that rate of chemical reactions increase with temperature and the rate of cooling of the sensor will be influenced by the ambient temperature [2] . Besides, the test chambers available in the market are big and not practical for small experiment and testing of gas sensors as it requires larger amount of test gas to reach the desired gas concentration. Therefore in this project, a small fully controlled test chamber is designed to test and determine the characteristics of gas sensors.
In this project, the test chamber is designed to be a cubic with dimension of 15 cm x 15 cm x 15 cm. The test system is fully controlled by the PIC (Programmable Interface Controller) microcontroller. The gas inlet path of the test chamber is controlled by the electrical valve. The gases are applied to the chamber through the inlet valve while the outlet of the chamber is connected to a vacuum pump to remove the gas from the chamber. A fan is also integrated in the test chamber to provide air circulation so that the test gas can be mixed well with the fresh air and. The fan is essential as it helps to distribute the heat and humidity uniformly throughout the whole chamber for a more accurate measurement. The temperature in the chamber can be controlled by incorporating a temperature sensor and using it within a feedback loop to control the heater power to regulate the temperature in the test chamber. For the thermal control of this test chamber, there are two basic issues that need to be addressed. The first issue is the heating or cooling of the test gases to the desired temperature prior to being tested, and the second issue concerns temperature monitoring and regulating during the actual functional test. The range of temperature controlled in the test chamber is between room temperature and 65°C.
Another factor which must be taken into account when characterizing a sensor is the ambient humidity as it will influence the sensitivity of gas sensor [3] . Therefore the control of relative humidity will also be integrated to this test chamber later to provide a more accurate and suitable environment to test and characterize the gas sensor. However, relative humidity, RH is itself a function of temperature, therefore the necessary humidifying apparatus must be able to cope with the resultant increased need for water vapor at high temperatures.
In this Fully Controlled Test Chamber for Environmental Gas Sensor Characterization, there are three inputs, which are a keypad, a temperature sensor and a humidity sensor. The data collected from these input devices will be sent to the PIC microcontroller for data analysis and then output the corresponding signal to the relays and dot matrix liquid crystal display (LCD) controller. The relays are used as a switch to on-off the heater, solenoid valves, vacuum pump and fan. All these devices are integrated and synchronized properly so that they can work together as a system.
The overall control system of the test chamber can also be operated manually by the user without the programmed
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control by PIC microcontroller as the output elements such as fan, heater, humidity valve, vacuum pump and inlet valve can be turned on and off using the manual switches in the control panel.
II.METHODOLOGY

A. Material and Circuit Design
The main components and devices required to develop the test chamber are temperature sensor, humidity sensor, keypad, PIC16F877A microcontroller, LCD display, relays, heater, solenoid valves, fan and vacuum pump as shown in Fig. 1 . All the elements must be integrated and synchronized well so that they can work together as a system. PIC16F877A microcontroller is used to control all the peripheral devices. It decodes the receiver data and output the correct states to control the output elements. The PIC16F877A require a 5V supply and oscillation circuit in order to function properly. --Third, click and drag the right margin bar to just over 4 inches in width.
In this project, Port A and Port D are used as input ports while Port B and Port C as output ports. Port A is used as analog input to connect the sensors to the PIC. The TRISA register controls the direction of the port pins even when they are being used as analog inputs. Therefore, the bits in the TRISA register are ensured to be maintained set as they are used as analog inputs. RA0 (pin 2) and RA1 (pin 3) are connected to the temperature sensors LM35DZ while RA4 (pin 6) is connected to humidity sensor. Port B acts as output port connected to liquid crystal display (LCD). All the pins in Port B are used to interface with the LCD except RB3 (pin 36). The pins connection between the LCD and PIC is shown in Table 3 .2 in section 3.2.3 later. Then, Port C is used as output port to control the output elements. RC0, RC1, RC2, RC3 and RC4 are respectively connected to the relays that control humidity valve, heater, inlet valve, vacuum pump, and fan. Lastly, the keypad is connected to Port D as input port. The connection between pins of the PIC16F877A to other devices in this system is shown in Table I.   TABLE I  PINS ASSIGNMENT OF THE PIC16F877A In this project, the temperature sensor chosen is LM35DZ. The LM35DZ is an accurate temperature sensor that will provide an analogue output of 10mV per degree Celsius within 0.01%. It's not hard to interface the temperature sensor with a PIC. LCD display is connected to the PIC to display the information by the control of the PIC. It provides a useful interface for the user as the user can read the output of the system from the display. Therefore, it enhances the versatility of the system since it enables a communication between the system and the user. The LCD display type used for this project is a 16 x 2 alphanumeric LCD. A keypad is also intergrated in this project to enable enable communication between the system and the user. The user can insert input to the system through the keypad which is connected to the PIC. The input will then be analyzed and processed by the PIC. Relays are connected between the PIC and the controlled output elements (valves, heater, vacuum pump and fan) as an electrically operated switch.
B. Software Development
Software design and simulation is essential before the construction of hardware system, to ensure the circuit is functioning well and no error. This can avoid wasting of time and money to perform hardware testing directly. The flow of
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the software development is as shown in Fig. 2 . Since the PIC microcontroller is the core part of the test system, therefore the HEX machine code is required for running the PIC16F877A. A program needs to be written in C language using the PCWH C compiler and programmed to the PIC for instructing it to carry out functions correctly.
The circuitry designed for the control system is then drawn using Proteus ISIS software to perform real-time simulation. This software is used to draw a complete circuit for a microcontroller based system and then test it interactively, all from within the same piece of software. Proteus ISIS provides the means to enter the design in the first place, the architecture for real time interactive simulation and a system for managing the source and object code associated with each project.
After the program is tested through the real time simulation, the .HEX code (assembly language) generated by the C-compiler will be then downloaded to the PIC chip through a PIC programming board using WinPic800 program.
After the circuit and program has been tested through simulation by using Proteus ISIS, the printed circuit board (PCB) for the sensors part of the circuit is then designed using Proteus Ares 6 Professional
C.Hardware Development
After the simulation, the circuit is then transferred into hardware where the designed circuit is developed on board. In hardware development, the circuit will be tested again as hardware results may be varied from the simulation results. This is because the components used in the schematic are ideal components whereas the real components in hardware may have defect and its functionality will be slightly affected by the environment. After all the testing and calibration have been done, the circuit is then converted into PCB and strip board. There are two circuit boards used in this project. The main circuit board is placed at the opaque bottom of the chamber to hide the complicated circuit and protect it from damaged while the sensor circuit board is placed in the transparent chamber for sensing purpose.
The main circuit is built up by using stripboard. Stripboard is a type of electronics prototyping board characterized by a 0.1 inch regular grid of holes, with wide parallel strips of copper cladding running in one direction all the way across one side of the board. The main circuit represents the whole circuit in this project, exclude the sensors portion. Whereas, the sensors circuit is built on PCB (printed circuit board). The sensor circuit consists of two temperature sensors, humidity sensor and eight gas sensor sockets. The humidity and temperature sensors are connected to this main circuit board through the ribbon cable, which are mounted on the board.
In this development part, a chamber is also modelled to meet the desired requirements of this project and finally the circuit is integrated with the modeled chamber. The overall integrated system is then tested again with the test chamber.
III. RESULTS AND DISCUSSION
A. Simulation analysis
The temperature and relative humidity control system was drawn using the Proteus ISIS circuit simulator and as shown in Fig. 3 . Referring to Fig. 3 , the PIC microcontroller act as the brain of the system where it is integrated with temperature sensors, humidity sensor, keypad and LCD screen. There are two temperature sensors connected to port RA0 and RA1 respectively while the relative humidity sensor is connected to port RA4 as port A can be used as analog inputs. Port RD1-RD7 are used for the keypad input while port B is 3URFHHGLQJV RI 6WXGHQW &RQIHUHQFH RQ 5HVHDUFK DQG 'HYHORSPHQW 6&25H' 1RY 830 6HUGDQJ 0DOD\VLD
assigned to the LCD screen. From the schematic in Figure 4 .1, it can be observed that there are five LEDs are connected to the output port RC0-RC4. The LEDs are used in this schematic to represent the relays that control the actuator, heater, inlet valve, vacuum pump and fan. Since this schematic is drawn to test the functionality of the circuit, therefore it is easier to use LEDs to test the output level. LED D1 is representing the solenoid actuator therefore, when LED D1 light up means that the solenoid actuator is open and vice versa. The same concepts are applied to LED D2, D3, D4 and D5 which are respectively representing the heater, inlet valve, vacuum pump and fan. It can also be observed that there are manual switches connected to the output elements (LEDs). These switches are used to control the output elements manually ignoring the effect from the microcontroller output signal.
B. Programming analysis
The program of the process flow of this control system is written in C-language and compiled using PCW C Compiler software to generate the HEX file. C language is used to write the program because it is much easier if compared to Assembly language or Basic. After the .HEX file is downloaded into the PIC 16F877A of the schematic of the control system circuit, the circuit is run and the LCD display and LEDs are observed to determine whether the output results are desirable. The flow of the system is explained as following:
In the initialization state, the LCD screen displays "Test Chamber for Gas Sensor Char" and "Ready…" to indicate that the system is initialized. Then, the user is prompted to press '*' button on keypad for air refreshment or '#' button to skip the process of air refreshment. The fan in the chamber is switched ON to circulate the air in the chamber so that the air is distributed equally all around the chamber. Then, the air in the test chamber will be refreshed by setting the inlet and outlet valves open. Referring to Fig. 3 where LEDs D3 and D4 which represent the inlet valve and vacuum pump respectively are lighted on which indicate that the valve and vacuum pump are open. At the same time, the fan which is represented by LED D5 is switched on as well to circulate the air inside the chamber.
The chamber refreshment takes 10 minutes and then the LEDs D3 and D4 are turned OFF (inlet valves and vacuum pump are in closed position again). The system then prompts the user to input temperature set point. The desired value is keyed in and confirmed by pressing '#' on the keypad. The value keyed can be cleared by pressing '*'. The temperature set point is limited in the range of 25°C to 65°C. If the user key in value out of this range, the system will indicate error, "Error…Range=25AE65" and prompt the user to re-enter the set point. After temperature setting is done, the user is then prompted to set the RH set point. The range of the RH set point is from 25%RH to 85%RH. The heater in the chamber is preheated up first before the regulation so that the heater is hot enough to vaporize the water drop for RH control. Then, the current temperature and relative humidity readings in the test chamber is get from the sensors from time to time to observe the condition in the test chamber and as feedback to the control system.
For the control system, the relative humidity is the first factor that needs to be regulated to meet the set point before the temperature because the changes in relative humidity will affect the temperature in the chamber. For example, if the relative humidity needs to be increased, the heater needs to be ON to vaporize the water drops into vapors which in turn will increase the temperature in the chamber too. In the other hand, if the relative humidity needs to be decreased, the moistures in the chamber need to be vacuumed out through the outlet valve which will also affect the temperature in the chamber as well. Therefore it is better to regulate the relative humidity before the temperature.
C. Temperature Control System
In the temperature control system, there are two sensors used to detect the current temperature in the chamber so that the overall temperature in the chamber can be measured. The average of the readings from the two sensors is calculated and set as the current temperature or as feedback to the system. Fig. 4 shows the control system block of temperature control in the test chamber. Control of this process is achieved by means of a closed loop circuit (the heater is controlled according to feedback obtained via the temperature sensor) as opposed to an open loop in the case of measurement only.
The input, r(t) is the temperature set point entered by the user. Then the set point will be compared with the feedback reading from the temperature sensor LM35DZ. The result of the comparison will then be input to the controller which is PIC16F877A and be processed to give the corresponding output signal. The output signal will be sent to control the relay connected to the heater. If the set point is higher than the feedback reading, the heater will be ON and vice versa. The process will be looped till the steady state achieved where the steady state error allowed is 3%. On -Off control function is used in this control system because this is usually the simplest and cheapest but control may be oscillatory. However, this type of control is suitable to keep the test chamber in a comfortable temperature range,
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without constantly switching the relay (heater) on and off. To do this, the control must establish a buffer range as shown in Fig. 5 . The acceptable range within the set point is ±3%. Let sp_min be the bottom of the range value (set point-3%) and sp_max be the top of the range value (set point+3%). Therefore when the temperature goes below sp_min (the bottom of the range) the relay turns on, and when it goes above sp_max (the top of the range) the relay turns off. For all temperatures within the range, the heater stays on if is it on previously, and stays off if it is in off state before entering the range between sp_min and sp_max. 
D. Analysis of Test Chamber Design
After designing and fabricating the circuit to PCB, a chamber is designed to integrate with the circuit to produce closed test environment for gas sensor characterization. The chamber is designed to be small around 3375 cm 3 in volume, which is a cubic with dimension of 15 cm x 15 cm x 15 cm. This small chamber can reduce the amount of test gas needed to reach higher concentration (ppm) in the chamber and the steady state of the desired environment can be reached faster.
The overall design of the test chamber is shown in Fig. 6 . By referring to Fig. 6 , the gas inlet valve is placed at the bottom left wall of the chamber whereas the gas outlet is at the top position of the opposite wall. The inlet is designed to be on a lower position so that the gas inserted to the test chamber can be distributed more uniformly throughout the gas sensors since the gas sensors are placed at the bottom part of the chamber. The temperature in the chamber is much higher than the environment outside the chamber; therefore when the gas injected to the test chamber, the gas is tend to be vaporized due to the change in temperature. This means that the gas will likely go to the upper position of the chamber. Hence, the inlet valve should be placed at the bottom part instead of higher position so that the sample gas has higher percentage to flow through the gas sensors before vaporized to higher position of the chamber.
The outlet is connected to a vacuum pump to remove the gas from the chamber. Therefore, the outlet is put at a higher position to enable the gas to be pumped out efficiently considering environment in the chamber as explained earlier.
The gas is likely to flow to the upper part so it is easier to pump out the gas from the top position instead from the lower position as the gas is trapped at the top. The open and close of inlet valve is controlled by the electrical solenoid valve.
E. Temperature Regulation Analysis
The main purpose of this project is to control the environment temperature in the test chamber, therefore the regulation of temperature in this system has to be tested and analyzed. Table II shows the time taken for the temperature to reached steady state of set point 36°C. Since the set point entered is 36°C and the steady state error allowed is 3%, therefore the steady state range is from 34.92°C to 37.08°C. The data collected in Table II is analyzed in Fig. 7 . It can be observed from the graph in Fig. 7 that the settling time of the temperature control is 12 minutes and the steady state error is within 3%. Although the time taken to reach steady state is long but this factor can be neglected as the chamber can be turned on earlier for preparation as the regulation system is automatically controlled. Due to the slow changes in temperature, therefore the test chamber can be kept in a comfortable temperature range, without constantly switching the relay of the heater on and off. After all the testing and troubleshooting, the test chamber system is observed to be functioning orderly as programmed and the regulation system of temperature works appropriately. Thus the test chamber is then finally produced and ready to be used.
IV. CONCLUSION
In this project of A Fully Temperature Controlled Test Chamber for Application of Gas Sensor Characteristic, there were numerous valuable experiences gained such as how to write C language in programming a PIC16F877A microcontroller, designing and developing a closed loop control system, designing PCB and integrating software and hardware and synchronizing all the elements with the main system with is the microcontroller. After all these testing have been done, the working product of "Fully Temperature Controlled Test Chamber for Application of Characterization of Gas Sensor" is then produced and ready to be used.
The Fully Controlled Test Chamber for Application of Characterization of Gas Sensor has the potential to be improved to be more efficient and reliable device although the aims and objectives of the project have been achieved. Some of the suggestions in any further work are stated as follows:
x Pressure sensor should be added in the test chamber as pressure affects the level of humidity and the sensitivity of gas sensor. x The Fully Controlled Test Chamber can be improved by adding flow sensor at the gas inlet path so that the concentration of the applied gas can be calculated automatically without using syringe and thus the amount of gas needed can be set and the system will allow the desired amount of sample gas flows into the chamber automatically. x Cooler can be added to the temperature control system so that the cooling process can be done more quickly and efficient rather than letting it cool down by itself which increase the delay of the process.
